Mantle cell lymphoma (MCL) is an aggressive neoplasm that is incurable by standard therapy. Patients often present with high-stage disease (Stages III-IV) and frequently have involvement at multiple extranodal sites. Although the gastrointestinal tract, spleen, lung, pleura, bone marrow, and peripheral blood are among the most commonly involved tissues, MCL may also disseminate to so-called sanctuary sites including the central nervous system. Despite this, current clinical evaluations do not routinely include assessment of the cerebrospinal fluid (CSF) for lymphomatous infiltrates at presentation, and moreover, only few authors have specifically examined CSF involvement in MCL. In this study, we reviewed the medical records of 108 patients with MCL seen at three centers over a 5-year period to determine the rate of CSF sampling and the frequency of CSF involvement by MCL. The clinical and cytologic characteristics associated with CSF involvement were also studied. Central nervous system (CNS) signs and/or symptoms prompted CSF sampling in 25/108 patients (23%). Specific radiographic abnormalities were present in 9/25 patients (36%). CSF involvement by MCL was identified in 10 of the 25 CSF-sampled patients (40%) by morphology (3 patients), flow cytometry alone (1 patients), or both (6 patients). The CSF-positive cases included two blastoid variants. The CSF cytology of the nine morphologically positive cases was pleomorphic, and prominent cytoplasmic granules were observed in two cases. The overall rate of CSF involvement by MCL among the cohort was 9%, which is comparable to that reported in other selected studies examining this issue.
Mantle cell lymphoma (MCL) is a distinctive type of non-Hodgkin's lymphoma composed of small-tomedium-sized lymphocytes that coexpress pan-Bcell antigens and the pan-T-cell antigen, CD5. The chromosome translocation t(11;14)(q13;q32) results in activation of the PRAD-1/cyclin-D1 gene (1) (2) (3) and further characterizes MCL. Recent studies suggest that MCL accounts for approximately 5-6% of all non-Hodgkin's lymphomas in the United States and Europe, and despite its histologic resemblance to low-grade B-cell lymphomas, MCL is an aggressive disease with a poor prognosis. The median survival of typical MCL patients is approximately 43 months (2, 4) . Patients with the blastoid variant of MCL, which features high mitotic activity and morphologic resemblance to lymphoblastic lymphoma, may have an even poorer prognosis (2, 4 -6) .
MCL patients usually present with multifocal disease, including frequent lymphomatous involvement at extranodal sites such as the gastrointestinal tract, spleen, liver, Waldeyer's ring, lung, and pleura. Involvement of more than one extranodal site at presentation occurs in Յ37% of patients (4) . In addition, approximately 80% of patients have disease in the bone marrow, and Յ35% have leukemic involvement of the peripheral blood at diagnosis (7) . Response to therapy is often short-lived, and relapses are common. Despite this aggressive behavior, clinical evaluations of MCL patients do not routinely include assessment of the cerebrospinal fluid (CSF) as they do in lymphoblastic and Burkitt-type lymphoma protocols. Moreover, unlike the case with other aggressive lymphomas, only very few studies have specifically examined CSF involvement in MCL (14, 16) .
In this study, we retrospectively studied a cohort of 108 patients with MCL seen at three separate tertiary care centers to determine the rate of CSF sampling and the frequency of CSF involvement by MCL. In addition, we examined the clinical characteristics and cytologic features associated with CSF involvement by MCL.
MATERIALS AND METHODS
The pathology files of the University of Michigan Health System (Ann Arbor, MI), University of Texas Southwestern Medical School (Dallas, TX), and Northwestern University Medical School (Chicago, IL) were searched for all cases of MCL seen between 1993-1998. All cases with either classic or consistent lymph node morphology by routine hematoxylin and eosin stains and supportive immunoperoxidase and/or flow-cytometric immunophenotyping results were selected for the study. MCL involvement at extranodal tissue sites in two cases (testis and breast) was confirmed by immunohistochemical and flow cytometric immunophenotyping. These studies were carried out using previously described methods (8 -12) .
From a total of 113 cases meeting published diagnostic criteria for MCL (13) , adequate medical records were available for 108 patients. The clinical, radiographic, and laboratory records of these 108 patients were reviewed for the following: (1) evidence of CSF sampling for any reason either before, at, or after diagnosis and (2) any clinical, laboratory, and/or radiographic evidence of CSF/central nervous system (CNS) involvement by MCL at any time during the course of disease. Twenty-five patients from whom the CSF was sampled at some time after diagnosis were identified among the cohort; no patients had CSF sampling before the time of diagnosis. All accessible CSF data from these 25 patients (including chemistries, cell counts and differentials, routine Wright-stained cytocentrifuge smears, and flow-cytometric immunophenotyping findings) were analyzed, and the results were correlated with available clinical, radiographic, and other laboratory data. Cytologic examination of the CSF was limited to Wright-stained smears because these smears were uniformly available for review in all CSF-sampled cases and also because this is the most frequently used stain preparation for CSF examination in hematology and flow cytometric laboratories. Patient medical record reviews were performed independently by a pathologist at each participating hospital, and the data were subsequently compiled and analyzed by two of the authors (RV, WGF). Similarly, all CSF smears were first independently reviewed and diagnosed at each of the participating hospitals and then rereviewed centrally by five of the authors (RV, TPS, CWR, BS, WGF). The study was closed at the end of 1998 in an effort to obtain all possible follow-up information and to allow for the central data collection and review.
RESULTS
CSF was sampled by routine lumbar puncture (LP) in 25 of the 108 (23%) MCL patients in our cohort (Table 1 ). This group consisted of 17 men and 8 women with a mean age of 58.1 years at the time of diagnosis with MCL (range, 44 -78 y). Twenty-two of these 25 patients (88%) presented with Stage IV disease, whereas 2 of 25 (8%) were Stage I at presentation. Stage was not available for one of the CSF-sampled patients. At the time of diagnosis, 24 of 25 (96%) patients had typical diffuse MCL morphology on lymph node biopsy, and one patient presented with the blastoid variant of MCL. The patient with blastoid MCL was one of two patients who presented with Stage I disease. Clinical CNS signs and/or symptoms (including headache, fever, weakness, paresthesias, mental status changes, visual disturbances, and/or specific cranial nerve palsies) prompted CSF sampling in all 25 patients. In addition, radiographic data were available for 17 of 25 patients, and abnormalities of the CNS were observed in 9 of 17 (53%) at the time of presentation with clinical CNS signs and/or symptoms.
Ten of the 25 patients (40%) who underwent LP were positive for MCL involvement of the CSF by morphology (3), flow-cytometric immunophenotyping (1), or both (6) . This subgroup of CSFpositive patients consisted of 6 men and 4 women with a mean age of 59.4 years (range, 44 -78 y) and included both patients initially diagnosed with Stage I disease (including one patient with the blastoid variant; Table 2 ). Furthermore, the 10 CSFpositive cases also included one patient with typical MCL at diagnosis who developed a blastoid transformation in the bone marrow concomitant with CSF involvement by MCL. Radiographic studies of the CNS were performed in 6 of the 10 patients with CSF involvement by MCL, and specific lesions were found in 5 of these patients (83%). Of note, 4 of the 25 CSF-sampled patients with observed radiographic abnormalities [orbital mass (2) , intracerebral bleed (1), and nasal/maxillary mass (1)] did not have documented involvement of the CSF by MCL despite multiple LPs. The clinical CNS signs and symptoms exhibited by the 10 CSF-positive patients were similar to those of the 15 CSF-negative patients. The mean and median times from initial MCL diagnosis to CSF involvement were 22.6 months and 15.5 months, respectively (range, 0 -96 mo). Concomitant with CSF positivity for MCL, six patients were leukemic, eight had infiltration of the bone marrow, one patient had involvement of the testis, and one had MCL in the breast. Only 1 of the 10 CSF-positive patients had no evidence of disease outside of the CNS. This was a patient with blastoid MCL who presented with Stage I disease 21 months before an apparent primary CNS relapse (cerebropontine angle mass).
Routine CSF laboratory data were available for all 10 CSF-positive patients and are displayed in Table  3 . The mean CSF white blood cell count (white blood cell count) was 1307 per cubic millimeter (range, 1-4950 per cubic millimeter), with the highest white blood cell count recorded in the patient with the blastoid MCL and cerebropontine angle mass (4950 per cubic millimeter). In all cases, the CSF white blood cell population was composed predominantly of lymphocytes (range, 68 -100%) with the remaining cells being mostly histiocytes. Analysis of the CSF chemistries revealed an elevated CSF protein level in all but two patients; CSF glucose levels were decreased in five patients, within normal limits in two, and elevated in three.
Flow-cytometric immunophenotyping of the CSF was performed in 7 of the 10 patients and showed monoclonal CD19 and CD20 positive B-cell populations that coexpressed CD5 in all seven cases. The diagnosis of CSF involvement by MCL in the three patients for whom flow cytometry was not performed was made solely by cytologic assessment. MCL in the CSF was diagnosed by flow cytometry alone in one case in which there was an insufficient number of cells on the cytocentrifuge smear for complete evaluation.
In the nine morphologically positive cases, the appearance of the MCL cells on the examined Wright-stained cytocentrifuge CSF preparations was pleomorphic and variable. In six of nine cases, the CSF contained a mixture of small-to-large lymphoid cells with irregular nuclei and inconspicuous nucleoli, resembling leukemic MCL (Fig. 1 ). In the other three cases, including one with typical MCL lymph node histology and the two blastoid variants, the malignant cells were predominantly large with slightly irregular nuclei, dispersed chromatin, and prominent nucleoli, resembling other blastic-type proliferations involving the CSF or other body fluids (Fig. 2) . The amount and tinctorial quality of the cytoplasm also varied; some cases contained neoplastic cells with abundant, eosinophilic cytoplasm, whereas others had cells with only scant blue-gray cytoplasm. Prominent cytoplasmic granules were observed in two of the three cases with immature, blastic cytologic features. These two cases included one with blastoid lymph node histology and one with typical lymph node histology (Fig. 3) . Whereas the malignant cells in the CSF overall tended to retain the cytologic features of the diagnostic lymph node, the CSF in some cases contained a population of larger cells that were not characteristic of the lymph node at diagnosis. Outcome data after CNS/CSF infiltration by MCL were not uniformly available for our cohort. In the three patients for whom follow-up information was available, however, CSF involvement by MCL portended a dismal prognosis, with two dying from persistent disease within 1 and 2 months (Cases 1 and 2, respectively) despite aggressive therapy including intrathecal methotrexate and radiation therapy. The third patient (Case 6) received an autologous bone marrow transplant shortly after diagnosis with MCL in the CSF but died 14 months later with relapsed disease.
DISCUSSION
MCL is an aggressive lymphoid malignancy with a poor prognosis. It remains incurable by standard therapy, and the overall median survival is reported to be 43 months. The relatively poor outcome observed in MCL patients can in part be attributed to the fact that the disease usually presents in advanced stage, frequently with multifocal disease including involvement at several extranodal sites. In a recent clinicopathologic study of 80 MCL patients, extranodal involvement at presentation was found in 76% of cases, and extranodal localization of disease was the primary presentation in 25% of patients (4).
MCL may initially respond to combination chemotherapy like other histologically similar B-cell non-Hodgkin's lymphomas, but only a relatively small number of patients experience a complete response, and most relapse after only short diseasefree intervals. Despite this unfavorable clinical behavior and high relapse rate, current clinical staging protocols and evaluations of MCL patients do not routinely include assessment of the CSF as do those of other aggressive lymphoid malignancies such lymphoblastic and Burkitt-type lymphomas, which are known to frequently involve the CNS and for which prophylactic CNS therapy is administered. Moreover, only occasional reports specifically addressing the issue of CSF/CNS involvement in MCL appear in the literature (14 -16) .
To our knowledge, the first case of MCL involving the CNS was reported by Bedotto et al. in 1986 (16) , and since then, relatively few additional authors have reported their experiences with CSF involvement in variably-sized cohorts of MCL patients. In 1996, Montserrat et al. (15) reported an approximately 23% incidence of CNS involvement in a cohort of 22 MCL patients followed for a median of 50 months. More recently, Oinonen et al. (14) studied 94 patients with MCL seen at one center over a 17-year period and found CNS MCL in 4/94 (4%) during a median follow-up of 51 months. The incidence of CSF involvement by MCL at presentation was reported to be approximately 2% by based on data from the Kiel Lymphoma Study Group.
In this study, we reviewed the clinical, radiographic, and pathologic records of 108 patients with well-characterized MCL to determine the frequency of CSF sampling and the rate of CSF involvement by MCL. Twenty-five patients in our cohort (23%) underwent CSF sampling during the course of their disease. Lumbar punctures were performed as part of the evaluation of new-onset CNS signs and/or symptoms in all 25 patients. None of the patients had an LP before diagnosis with MCL, and none had CSF examinations as part of any routine or protocol-based staging work-up. The clinical indications for LP in our cohort were similar to those described for other patients suspected of having CNS lymphoma and included headache, mental status changes, and cranial nerve signs (14, 20, 21) . CSF involvement by MCL was demonstrated in 40% (10/25) of the patients who underwent diagnostic LP for evaluation of CNS signs and/or symptoms, and CSF positivity was documented in 9% of the entire 108 MCL patient cohort. The overall rate of CSF involvement observed in our study differed from the 4% and 23% positivity rates published by other authors based on studies of equivalent patient cohorts with respect to demographics, clinical presentation, and stage data (14, 15) . On the other hand, the overall positivity rate was comparable to that reported by Bosch et al. (7) , who found CNS infiltration by MCL in 12% of a similar 59-patient cohort. As was the case with prior studies addressing the issue of CSF/CNS involvement in MCL, however, our findings also only provide a rough estimate of the true incidence of CSF involvement by MCL because the CSF was not systematically or uniformly examined in a large majority (77%) of the patients in our cohort. The actual incidence of CSF involvement by MCL during the course of disease is most likely underestimated in this as well as the other currently published series. Additional studies examining this issue will be necessary if and when an effective therapy for MCL is found and the role of CNS prophylaxis in MCL is questioned.
Although presentation with clinical CNS signs and/or symptoms prompted CSF examination in all cases, the presence of clinical findings alone did not appear to strongly predict CSF positivity because more than one half of the symptomatic patients had no morphologic or immunophenotypic evidence of CSF involvement despite multiple LPs. The presence of a radiographic abnormality in symptomatic MCL patients, however, did appear to correlate with lymphomatous involvement of the CSF because five of the six patients (83%) with specific radiographic lesions had positive CSF samples. The demographic features and disease stage in our CSF-positive cohort were similar to those described in other studies of MCL patients with CNS/ CSF involvement. Of the 10 CSF-positive patients in our study, six were men, four were women, and the mean age at diagnosis with CNS lymphoma was 59.4 years (range, 22 to 78 y), which is slightly younger than the median age of the typical MCL patient (63 y). The great majority of the CSFpositive patients (80%) presented with advanced stage disease (Stage IV), with all Stage IV patients having bone marrow involvement and one half also having leukemic infiltrates in the peripheral blood at presentation. Two of the 10 CSF-positive patients, including one with blastoid MCL, presented with Stage I disease.
All patients developed CSF involvement within 32 months of diagnosis, with the exception of a single patient who developed CSF involvement at 96 months. The median time from initial diagnosis with MCL to CSF/CNS infiltration among our entire group of CSF-positive patients was 15.5 months (range, 0 to 96 mo). Given that the overall median survival of MCL patients is only 43 months, these findings on the length of time from initial diagnosis to CSF disease suggest that when MCL involves the CSF/CNS, it may be early in the course of disease or may even be present at the time of diagnosis (as seen in Case 9). This is in contrast to the findings of some previously published studies reporting that CSF involvement is a late complication of MCL (14) . Interestingly, although both patients in the current study with the more aggressive blastoid variant of MCL developed CSF involvement, the median time to CSF positivity in these two cases (25 mo) was longer than the median for the entire cohort. Irrespective of when MCL infiltrates the CNS, however, involvement of the CSF in MCL carries poor prognostic implications, as it does in other aggressive lymphomas.
Just as only a few authors have addressed the issue of CNS involvement in MCL, even fewer have attempted to characterize the cytomorphologic appearance of MCL cells in the CSF (16, 22) . As such, another aim of our study was to specifically describe and illustrate the features of MCL cells as observed on the Wright-stained cytocentrifuge CSF smears that are routinely encountered in the hematology laboratory. Using such smears, a diagnosis of lymphomatous involvement of the CSF could be established on cytomorphologic grounds in 9 of the 10 cases. Too few cells for an adequate evaluation and definite morphologic diagnosis were present in 1 of the 10 cases; the diagnosis of MCL was established by flow cytometry alone in this case. Although we found that the appearance of MCL cells in the CSF was often variable, malignant lymphoma cells could be readily recognized morphologically in most cases because of their pleomorphic appearance, their similarity to blastic proliferations, and/or their occasional cytoplasmic granularity. This latter feature, which was also described in the first reported case of MCL in the CNS (16) , is of unknown significance but is important to recognize as it may cause diagnostic confusion with acute myelogenous leukemia, especially in cases with prominent blastic cytology.
In summary, although we and a few other authors have reported our experiences with the rate of CSF involvement in MCL patients, the true incidence of this phenomenon is still not well defined. Other clinically aggressive lymphomas such as lymphoblastic and Burkitt-type lymphomas reportedly involve the CNS in 7-13% of cases at diagnosis and in 16.5-39% during the course of disease (23, 24) . However, because current clinical staging protocols and evaluations of MCL patients do not routinely include CSF examination as do the protocols for other aggressive lymphomas, the data needed to accurately characterize the true incidence of CSF involvement in MCL are not currently available. Given the findings of this and other studies, these data may prove to be important, especially if effective therapies for MCL become available. Moreover, because CSF involvement portends poor prognosis, pathologic recognition and confirmation of this complication are critical. Several nonneoplastic or reactive processes may result in CNS signs and/or symptoms and a CSF lymphocytosis in patients with lymphoma, and because immunophenotyping of CSF samples is not always possible, familiarity with the morphologic spectrum of MCL cells in routinely prepared Wright-stained cytocentrifuge CSF smears is important in recognizing lymphomatous involvement of the CSF.
